Object. Transforaminal lumbar interbody fusion (TLIF) has been increasingly used to treat degenerative spine disease, including that in patients in whom earlier decompressive procedures have failed. Reexploration in these cases is always challenging and is thought to pose a higher risk of complications. To the best of the authors' knowledge, there are no current studies specifically analyzing the effects of previous lumbar decompressive surgeries on the complication rates of open TLIF.
T ransforaminal lumbar interbody fusion was first described by Harms and Rolinger in 1982 and has emerged as a safer and cheaper option than anterior and posterior fusion procedures for lumbar fusion to treat degenerative conditions. 15 The procedure allows the benefits of circumferential fusion via a unilateral posterior approach with less retraction of the thecal sac and nerve roots and a lower incidence of neural injury than posterior lumbar interbody fusion. 5, 8, 12, 15 The rates of lumbar fusion in the US have increased significantly in the past few years. 2 There has also been an increasing trend of employing TLIF to treat degenerative lumbar spine pathologies, including that in patients in whom earlier decompressive procedures have failed. 2 Previously explored spines provide a unique operative challenge because epidural fibrosis alters anatomical landmarks and the natural planes, leading to an increased risk of DTs and neural injury. 14 While there have been studies assessing the effects of age, 7 type of fusion procedure, 1, 5, 8, 13 level of fusion, 15 use of BMP, 9 and surgeon experience 6 on the complication rates in patients undergoing TLIF, to our knowledge there is a dearth of literature on the differences in complication rates between primary TLIFs and revision TLIFs. 10, 15 We aimed to retrospectively review the perioperative complication profile of patients who underwent open TLIF after earlier decompressive procedures failed and to compare this profile with that in patients who underwent TLIF as a primary lumbar procedure.
Methods

Patient Population
This study is a retrospective analysis of all the adult patients who underwent open TLIF for degenerative con ditions at our institution between January 2009 and January 2011. Patients who underwent fusion for nondegenerative conditions (trauma, tumor, or infection) were excluded. We also excluded patients who had undergone previous lumbar fusion surgery. After acquiring approval from the Institutional Review Board of the Louisiana State University Health Sciences Center, we reviewed the medical and radiological records of all relevant patients. A total of 187 consecutive patients between the ages of 18 and 90 years met the criteria and were included in the study.
Procedures
All patients who underwent open TLIF for DDD or spondylolisthesis were included in the study. The surgeries were carried out at Louisiana State University Health Sciences Center-Shreveport by the senior author (A.N.). A standard posterior incision was made, encompassing the vertebral levels of interest, and subperiosteal dissection was performed under fluoroscopic guidance. The side of the approach was decided based on the patient's predominant side of leg pain. Facetectomy was carried out after the placement of pedicle screws. The anulus was then excised and the intervertebral disc removed. Single cages were placed via a unilateral approach in all 187 patients; rhBMP-2 was used with a PEEK (polyetheretherketone) cage in over 60% of the patients (n = 120).
Definitions and Criteria
Perioperative complications were defined as any adverse events that occurred intraoperatively or within 6 weeks of the index procedure. The complications were also divided into major and minor categories; major complications were defined as any that were life-threatening, required a reoperation, or left irreversible neurological side effects in the patients. Revision surgeries were defined as operations for patients who had undergone a previous same-level decompression procedure, such as a discectomy, hemilaminectomy, laminectomy, or facetectomy.
Wound-related complications encompassed wound dehiscence, infection, hematoma or seroma, and suture reaction. All inadvertent DTs recognized intraoperatively were repaired with 4-0 silk suture using a running locking stitch. A subfascial drain was placed in all patients with a repaired DT and they were put on bed rest for 24 hours after surgery. We also took into account any new neurological deficits or radiculopathies postoperatively. Hardware malfunctions and postoperative transfusion requirements were also recorded. We calculated the age-adjusted and unadjusted Charlson comorbidity index scores for each patient from their past medical records.
Data Collection
Data of the relevant patients were collected from operative notes, discharge summaries, radiological records, and follow-up notes. The primary end point of our study was the presence or absence of perioperative complications. The secondary end points of interest included the presence of specific complications (DTs, wound infections, postoperative anemia, and medical complications).
Statistical Tests
We conducted statistical analysis using IBM SPSS v20.0.1. Our analysis was based on two groups: patients undergoing lumbar surgery for the first time and patients undergoing TLIF as a revision procedure. Univariate anal ysis was carried out using Mann-Whitney U-tests, and Fisher analysis was used for categorical and ordinal variables. We also carried out multivariate analysis with adverse effects as the dependent variable. Statistical significance was set with p = 0.05. All tests were two-tailed.
Results
A total of 187 patients met the inclusion criteria and were included in the study (97 men and 90 women). The average age of the patients was 49.7 years (range 18-80 years). Of the 187 patients, 73 patients had no history of lumbar surgery and 114 underwent revision surgery. The most commonly performed previous lumbar surgery was discectomy with or without laminectomy in 92; decompressive laminectomy was performed in 22 patients. Eighteen patients had undergone more than one prior decompressive procedure. The most commonly fused level in our cohort was L4-5 in 89 patients (47.6%). A breakdown of the baseline and surgical characteristics according to a history of lumbar surgery is shown in Table 1 .
Baseline characteristics, apart from the diagnosis and use of BMP, were similar in the two groups. In our overall cohort, a majority of patients undergoing revision lumbar fusion had a diagnosis of DDD, and a higher percentage of patients undergoing primary TLIF had a diagnosis of spondylolisthesis. Bone morphogenetic protein was also used in a higher percentage of revision surgeries than primary surgeries (Table 1) .
Fifty-four patients (28.9%) had a documented complication intraoperatively or postoperatively. Of these, 39 patients (20.9%) had documented surgical complications and 20 (10.7%) had recorded medical complications (7 patients had more than one documented complication in the perioperative period) ( Table 2 ). Major complications were seen in 5 patients (2 in the revision group anded in our patients was an inadvertent DT in 23 patients. No statistical difference was observed in the incidence of DTs between the groups (10 [primary surgery] vs 13 [revision surgery], p = 0.65). However, on further analysis we found that patients who had undergone more than one previous lumbar decompressive surgery had a 3.2 times higher odds of suffering from an inadvertent DT than the rest (27.8% vs 10.7%, respectively; p = 0.052, OR 3.2; 95% CI 1.03-10.10).
Seven patients developed postoperative anemia that necessitated blood transfusion. Patients in whom a transfusion was required had significantly lower hemoglobin levels than those in whom no transfusion was required (12.4 vs 14.0 g/dl, p = 0.004). Six patients had woundrelated complications (3%)-wound dehiscence in 1 and wound infection in 5. Two of the patients with wound infections had to undergo reexploration with wound washouts for treatment. There was no difference in the incidence of wound-related complications between the two surgical groups.
New or worsening neurological complaints were observed in 5 patients overall (2.7%), with no differences between primary and revision surgery groups. Further statistical tests, however, showed that the incidence of neural injury was significantly higher in patients with more than one prior decompressive surgery compared with one or none (16.7% vs 1.2%, respectively; p = 0.007, OR 16.7, 95% CI 2.59-107.86). One of these patients underwent a reoperation to remove a bony spur impinging on the nerve root; the others were managed conservatively. There were no epidural hematomas, seromas, or malpositioned screws in our cohort of patients (postoperative CT scans and/or plain radiographs were used to determine the position of the screws). At the end of a year of follow-up, all but 3 patients had symptomatic relief of their neurological symptoms (according to patient-reported symptom severity scores). These 3 patients were seen to have good fusion with hardware in place. No vascular injuries were documented in our population.
In the 20 patients with documented medical complication, gastrointestinal complications were seen in 9 patients, cardiac and renal in 3, and respiratory in 1 patient (7 patients had general medical complications). We could not show any statistical difference in the incidence rates of medical complications between the primary and revision surgery groups.
Discussion
Lumbar fusion surgery has been used as a salvage procedure in patients who have previously undergone lumbar surgical procedures. The indications for fusion in a revision setting can be multiple and include patients who developed disc degeneration and collapse following a therapeutic decompressive procedure, patients who have developed stenosis and degeneration adjacent to a fused segment, and patients with nonfusion of a previous attempted fusion. Revision fusion surgeries are always challenging procedures. The previous exploration leaves behind scarring that makes it difficult to discern anatomical landmarks. The altered and adherent anatomical planes make them more susceptible to inadvertent DTs and neural injury. 14 This has led to concerns that revision lumbar fusion surgery might be inferior to primary fusion surgery. 4 In their retrospective multicentric study, Glassman et al. 3 noted a significantly greater rate of improvement for patients who had not undergone prior lumbar decompression surgery (based on 36-Item Short Form Health Survey and Oswestry Disability Index scores). Djurasovic et al.
2 also showed only a moderate improvement in health-related quality of life measures in postdecompression patients when they underwent lumbar fusion. However, because multiple fusion techniques were used in these studies, the applicability of these results might be limited for patients undergoing TLIF alone as a revision procedure. Also, none of these studies commented on the complications and what effect, if any, revision surgery had on the complication rate.
We know of only a few studies that have commented on the complication rates of revision TLIF. Potter et al. 10 retrospectively reviewed the outcomes in 100 patients and found the incidence of DTs to be significantly higher for revision procedures than primary procedures (6.5%/level vs 3.7%/level, p = 0.07). Tormenti et al. 15 reviewed their large single-center experience of 531 patients who underwent open TLIF. They reported that patients who had undergone revision surgery had a 1.75 times higher likelihood of perioperative complications than those who had undergone primary surgery. The risk of an inadvertent DT was also 1.75 times higher in the revision surgery cohort.
There are also a few studies on the perioperative com plication risk of minimally invasive TLIF in revision surgeries. In their analysis of 600 extreme lateral interbody fusions (XLIFs), Rodgers et al. 11 showed significantly higher complication rates with prior surgery. Their revision surgery cohort also contained patients in whom an earlier fusion procedure had failed. Selznick et al.
14 compared the complication rates of minimally invasive TLIF and posterior lumbar interbody fusion in primary and revision surgeries. They showed a significantly higher incidence of intraoperative DTs and overall complications in the revision surgery group.
Our study, however, has shown no significant differences in the incidence of perioperative complications between primary and revision surgeries ( Table 2) . On subgroup analysis of complications, we found no difference in the incidence of medical complications, inadvertent DTs, or wound-related complications. On stratifying our data according to the number of previous lumbar decompression surgeries, we did find an increased likelihood of neural injuries and inadvertent DTs in our data (Fig. 1) . Compared with patients with one or no previous surgery, patients who had undergone more than one previous lumbar surgery had 3.2-fold higher odds of suffering an inadvertent DT. Although our analysis did not show statistical significance in this area, a strong trend was noticed (p = 0.054). A similar analysis of neural injuries showed that patients with more than one previous lumbar decompressive surgery had a significantly higher incidence of these injuries than the rest (p = 0.007). Hence, while a single previous surgery may not increase the likelihood of these surgical complications, 2 or more previous surgeries make the fusion more risky.
We also found an increased incidence of postoperative anemia requiring transfusion in patients undergoing primary surgery compared with revision surgery (7 vs 0, respectively; p = 0.001). This is different from the findings of Selznick et al., 14 who found increased estimated blood loss in revision cases compared with primary cases, although the difference did not reach statistical significance. Unfortunately, as our data on operative times and estimated blood loss were incomplete in a few cases, we did not include it in our analysis.
Wang et al. 16 compared the outcomes of revision TLIF between patients who had undergone minimally invasive and open TLIF in revision. Increased intraoperative blood loss was noted in the open TLIF cohort, and increased radiography time was noted in the minimally invasive TLIF cohort. The study was not sufficiently powered to discern any differences in the complication rates between the two procedures. There was also no difference in the outcome between the two modalities with respect to Oswestry Disability Index scores.
Our study is one of the few studies on TLIF to analyze specifically the impact of revision surgery on the perioperative complication rate. We did not observe an increased incidence of inadvertent DTs, wound-related complications, neural injuries, or medical complications in revision TLIF compared with primary TLIF. In patients with 2 or more prior lumbar surgeries, the incidence of inadvertent DTs and neural injuries was higher than in the remaining patients. This implies that open TLIF, especially in the hands of an experienced surgeon, is a safe procedure. Multiple previous lumbar surgeries, however, increase the risk of surgical complications, and patients with this history should be counseled accordingly.
A limitation of this study is its retrospective nature. While every effort was made to make sure no complication was missed, including double-checking through the senior author's prospectively maintained complication data base, there is always the possibility of an omission. The incompleteness of data on operative times and estimated blood loss made it difficult to incorporate them into the analysis. Larger studies with longer follow-up durations will help in further elucidating the complication rates and outcomes in patients who undergo TLIF as revision surgery after a prior decompressive procedure has failed.
Conclusions
In the hands of an experienced surgeon, revision open TLIF does not necessarily increase the risk of perioperative complications compared with primary TLIF. Two or more previous lumbar decompressive procedures, however, increase the risk of inadvertent DTs and neural injury.
